The East Sea (Japan Sea) has its own deep overturning circulation, but this operates over a 20 much shorter timescale than that in the open ocean. This allows the East Sea to be used as a 21 natural laboratory in which to investigate potential future changes in the oceanic system. 22 33 saturation horizons was faster than that recorded in the oceans. Both slowed deep-water 34 ventilation, and the intrusion of anthropogenic CO 2 contributed to the acidification of the East 35 Sea. However, a clear increase in DIC from the Japan Basin to the Ulleung Basin, 36 accompanied by a commensurate increase in AOU, was observed in 2014, whereas the 37 meridional gradient was absent in 1999. This observation appears to reflect recent changes in 38 deep-water ventilation, such as the re-initiation of deep-water formation. The East Sea is 39 3 extremely vulnerable to acidification and should be seen as a special case of ocean 40 acidification rather than an example of how the oceans will respond to a slowdown in 41 ventilation in the future. 42 43 Keywords: 44 dissolved inorganic carbon, acidification, carbonate saturation horizon, deep-water ventilation 45 46
Dissolved inorganic carbon (DIC) and total alkalinity (TA) were measured in 2014 and 2017 23 to investigate the characteristics and temporal variability of the carbonate system of the East 24 Sea. When the East Sea was compared with a site in the South Atlantic that has similar 25 apparent oxygen utilization (AOU) values, it was also found to have similar DIC content of 26 the deep waters. However, the TA levels in the East Sea were much lower than those recorded 27 in the South Atlantic. Consequently, the DIC/TA ratio of the deep waters of the East Sea was 28 high and similar to that in the North Pacific, which leaves the deep waters of the East Sea 29 vulnerable to acidification by CO 2 input. High export production of organic matter, together 30 with low rates of CaCO 3 export, are responsible for this high DIC/TA ratio. In the Ulleung 31 Basin, in the southwest of the East Sea, the DIC and AOU of the deep waters increased 32 between 1999 and 2014. pH decrease of the deep waters and shoaling of the carbonate 1. Introduction 47 The East Sea (also known as the Japan Sea and referred to as the ES hereafter) is a semi-48 enclosed marginal sea in the northwest Pacific, and is surrounded by the Korean Peninsula, 49 Russia, and the Japanese islands (Fig. 1) . The ES has an average depth of 1350 m and is 50 connected to the Pacific through three shallow straits (depth < 150 m). It contains three 51 basins: the Japan Basin in the north, the Ulleung Basin in the southwest, and the Yamato 52 Basin in the southeast. The ES has ocean-like deep-water formation and a meridional 53 circulation, which is isolated from the Pacific (Senjyu and Sudo, 1993; Kawamura and Wu, 54 1998; Kim et al., 2002; Talley et al., 2003) . Deep-water ventilation in the ES has a much 55 shorter timescale, of hundreds of years, than that seen in the open ocean (Tsunogai et al., 56 1993; Kim and Kim, 1996; Kumamoto et al., 1998) . Consequently, the ES has the potential to 57 act as a 'natural laboratory' that can be used to examine more easily how changes occur in the 58 open ocean (Kim and Kim, 2001) . 59 A number of studies have investigated the carbonate system of the ES. The first 60 systematic survey of CO 2 parameters in 1992 showed that the nTA (total alkalinity 61 normalized to a salinity of 35) and nDIC (total dissolved inorganic carbon normalized to a Table S1 . 159 We compared our data with previously published data from the Ulleung Basin, where data 160 coverage was the longest. We examined the results from the layer between 500 and 1000 m, 161 and also that between 1000 m and the bottom, to focus on the variations associated with (0.955±0.003), and similar to that in the North Pacific (0.987±0.010) ( Fig. S3d) . Also, the 192 carbonate ion concentration and carbonate saturation states in the ES were similar to those in 193 the Pacific, but distinctly different from those in the South Atlantic (not shown). Kim, 2008) , an increase in AOU of around 20 μmol kg -1 would require only a few years. 246 Therefore, a change in water circulation is a feasible mechanism with which to explain the 247 observed meridional gradients in AOU and DIC. 
Meridional variation in DIC and AOU in the deep waters
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